Acinetobacter baumannii survives for prolonged periods under a wide range of 23 environmental conditions. In a larger study investigating the efficacy of pathogen removal in 24 a waste stabilization ponds (WSP), we cultivated microbes from wastewater samples on 25 mCCDA agar containing selective and recommended supplements for the growth of 26 Campylobacter. This bacterium is a recommended reference pathogen for the verification and 27 validation of water recycling schemes in Australia and other parts of the world. A high 28 number of colonies characteristic of Campylobacter grew on the selective media but this did 29 not correlate with qPCR data. Using primers targeting the16S rRNA gene, and additional 30 confirmatory tests such as detection of VS1, ompA, bla OXA-51-like , bla OXA-23-like genes, we 31 tested eight random colonies from eight samples (64 colonies in total) and identified them as 32 A. baumannii. Wastewater grab samples taken three times over 6 months throughout the 33 WSP system showed removal of A. baumannii in the WSP atrates similar to E. coli. In 34 contrast, further intensive sampling from the inlet and the outlet of the WSP using a 35 refrigerated auto-sampler showed that the number of A. baumannii in most sampling rounds 36 did not differ significantly between the inlet and outlet of the WSP and that there was high 37 variation between replicates at the outlet only. Resistance genes were detected in most A. 38 baumannii isolated from the waste stabilisation pond and may potentially be a source of 39 antibiotic resistance for environmental strains. 40 41 42
Introduction
Waste stabilization pond (WSP) systems are used widely for the treatment of domestic 44 wastewater in developing countries due to low cost and easy maintenance 1 . A typical WSP 45 system consists of two lagoon types: facultative and maturation pond(s). Often, raw sewage 46 goes directly into a 1.5-2 m deep facultative pond with a retention time of about 7-10 days, 47 after which the wastewater flows into a baffled or non-baffled maturation pond with a longer 48 retention time. As reported earlier, pathogenic strains such as Salmonella enterica and 49 Campylobacter jejuni could be removed in a facultative pond and may not be present any 50 longer in the maturation pond effluent 2 . Nevertheless, it remains interesting how pathogenic 51 Campylobacter spp. survive in the environment, as the bacterium is a foodborne pathogen 52 and is also a major cause of water-borne diarrhoeal outbreaks 3 . The Australian water 53 recycling guidelines (AWRG) recommend monitoring Campylobacter as a reference bacterial 54 pathogen together with faecal indicators and other reference pathogens such as adenovirus 55 and oocysts of Cryptosporidium 4 . However, routine testing for Campylobacter spp. in 56 wastewaters using culture-based methods often yields biased results due to the growth of 57 other species (Judy Blackbearrd, Melbourne Water, Australia; personal communication). 58 Selective media such as Bolton, Preston and mCCDA agars for the detection of 59 Campylobacter spp. have been used in many studies involving food-borne diarrheal 60 outbreaks [5] [6] [7] . However, the use of these media and their specificity for detection of C. jejuni 61 in environmental samples has been questioned [8] [9] [10] . It is known that other bacterial species 62 such as E. coli, Proteus spp., Acinetobacter spp. 11 as well as Helicobacter spp., Arcobacter 63 spp., Sutterella wadswortheness and Bordetella pertussis 12 produce characteristic grey 64 colonies of Campylobacter on these selective media and can be counted as false positives. 65 The present study was part of a larger investigation studying the degree of pathogen removal 66 within WSPs in Australia. Using a combination of culture-based and molecular techniques to 67 detect the presence of Campylobacter spp. in a WSP, we observed a high number of colonies 68 with characteristics of Campylobacter spp. on mCCDA agar plates that did not corresponded 69 with the results of qPCR on the same samples. We employed 16S rRNA sequencing together 70 with species-specific primers to characterise a high number of these colonies. The results 71 confirmed that these colonies were mainly Acinetobacter baumannii. We then performed an 72 intensive sampling from the inlet and the outlet of this WSP using both grab sampling and 73 auto-samplers and tested for the presence of A. baumannii using the above methods. The 74 implications of collecting samples using auto-samplers and utilising the mCCDA medium for 75 the identification of C. jejuni for the enumeration of pathogenic bacteria in the effluent of 76 waste stabilization ponds is discussed, particularly in light of long term monitoring of A. 
Results and Discussion

80
During a study investigating pathogen removal in waste stabilisation ponds, we noticed a lack 81 of correlation between the number of presumed Campylobacter spp. based on mCCDA agar 82 (supplemented with polymyxin B to reduce growth of Gram-negative bacteria) and qPCR 83 data of the same samples. We suspected that the mCCDA agar plates were supporting the 84 growth of non-campylobacter species and sequencing of the 16s rRNA gene of colonies 85 isolated from the mCDDA plates showed that they were in fact A. baumannii. 86 Monthly replicate grab samples were collected from the inlet and six sites throughout the 87 baffled WSP pond, as well as from constructed wetlands (CW) and reed beds (RB) that were explanation for this higher variation between duplicate samples is that pond water at the 116 outlet site had to pass through 7 meters of tubing before it reached the auto-sampler and this 117 may have contributed to bacterial growth inside the tubing. The auto-sampler has a 118 backwashing function to avoid collecting remnant water, however, it may not have worked 119 sufficiently to eliminate these bacteria inside the tubing, causing higher numbers in the first 120 sample. We postulate that the higher numbers of A. baumannii in outlet samples compared to 121 the inlet could also be due to the biofilm formed by these bacteria inside the tubing. 122 Acinetobacter spp. can form biofilms in different environments 19-21 . Thus, the use of auto-123 samplers with long tubing may not be suitable for continuous monitoring of bacterial 124 pathogens which can form biofilms. 125 To rule out the possibility that some of the isolates on the mCCDA plates could have been C. 126 jejuni or other species such as C. ureolyticus, the second most common species of 127 Campylobacter after C. jejuni in faecal specimens of patients 22 and some animals 23 , we 128 tested 539 isolates from mCCDA plates over four sampling events. The results showed that 129 none of the colonies tested were positive for the C. jejuni VS1 specific marker or any of the 130 other 14 molecular markers specific for other species of Campylobacter (see Supplementary   131 Materials, Table S1 ). 132 Acinetobacter spp. and in particular A. baumanii have been reported in wastewater effluent 24, 133 25 with antibiotic resistance shown to increase in these bacteria due to the selective pressure 134 of the environment 26 . In the WSP studied here, we also identified a range of pharmaceuticals 135 including antibiotics (see Supplemental Material Table S2 ). Therefore, we investigated 166 In conclusion, we found that A. baumanii could grow on selective mCCDA plates 167 supplemented with polymyxin B forming colonies characteristic of Campylobacter. 168 Therefore, the use of this medium for the detection and enumeration of Campylobacter spp.in 169 wastewater or recycled water should be always accompanied by additional confirmatory tests. 170 We also found that A. baumanii is highly abundant in the studied maturation pond in 171 subtropical Australia and some of these strains might carry antibiotic resistance genes. 172 Finally, the use of auto-samplers may not be suitable for continuous monitoring of A. plates. Plates were incubated at 43°C for 48 hours under microaerofilic conditions using 218 Campygen system (CN0025, Oxoid). All grey colonies were counted and eight of them were 219 selected for further analyses. spp. 16 were used. The ompA gene was targeted for the identification of Acinetobacter spp. 247 and A. baumanii specific antibiotic resistance genes, bla oxa-51 bla oxa-23 , were used as previously 248 described 17, 18 . Real-time PCR reactions were placed into a CFX96 thermal cycler (Bio-Rad) 249 with an initial polymerase activation of 95°C for 10 min, followed by 40 cycles of 95°C for 250 10 s, 60°C for 1 min with a final melting step of 60°C to 95°C, increasing 1°C at each cycle. 251 Reactions assays for unknown samples were run in duplicate. (Table S1 ) on different occasions during 30 days of monitoring using auto-samplers. DNA 392 was extracted from colonies isolated on mCCDA medium originating from wastewater 393 collected at the inlet and outlet, and tested by PCR.
